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-f  This  t»aor*ndiae  .i*  scribes  the  si^uipMsat  and  departmental  tech- 
nique baling  used  In  a study  of  acoustic  bat  tee  reflectivity  end  aloe 
presents  a 6ea.ll  ajaouiit  of  data,  obtuioed  oo  Ube  first  sea  trip.  — f 
'This  jnesorand'soi  has  been  prepared  because  it  is  believed  that  xt.*t 
information  covered  may  be  useful  to  others  world  oq  similar 
procleris  at  HEL,  It  should  not  be  construed  os  a formal  KEL  report 
since  i ts  only  purpose  5 s to  present  Informst  ic*v  ors  a small  part  of 
fiEL  Problem  Li-5.  Oaiy  limited  distribution  outside  the  Laboratory 
is  ccabsepiated. 
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BAOWSOUIII) 

Improve meat  In  the  deflign  of  »or.w  equipment  depend  to  a 
large  extent  on  improved  understanding  of  the  oea  environment 
and  its  effect  on  unde water  sound  signals.  Applications  which 
involve  reflection  of  sound  signals  froie  the  sea  floor  have  bean 

* particularly  troublesome  problem  in  underwater  acoustic  research. 
Tb»*  roughness  of  the  bottom  ani  tbe  depth  and  physical,  properties 
of  tbe  layer*  of  sediment  vuich  underlie  tbe  water  layer  are 
usually  imperfectly  known  and  may  vary  considerably  even  within 

a relatively  small  area . Even  when  tbe  geometry  and  physical  prop- 
erties of  an  area  are  known,  predictions,  based  on  theory  ba^e  not 
been  highly  successful.  As  a result  knowledge  of  bottom  reflect- 
ivity is  usually  obtained  from  field  experiments.  Recent  improve- 
ments in  theory  and  improved  methods  for  dc  he  raining  the  physical. 

C 

properties  of  the  sediment  layers  ruay  alleviate  this  problem.  At 
present  however  the  experimental  approach,  with  increase!  empties  1c 
on  experimental  control  and  accuracy  of  me&K-urwaienta . is  still 
needed  to  obtain  design,  information  and  to  tec>t  theoretical  models 
appropriate  to  the  situation. 

Thp  Reylelgh  expreation  for  th**  bottom  reflection  coefficient 
^two-layer  case ' gives  perfect  reflection  for  grazing*  angles  ^opc 
than  the  critical  angle . A modification  of  this  theory,  suggested 

* Angle  between  the  sound  ray  and  the  bottom. 


foj  ’■jacaeasils*,*'  considers  the  effect  of  the  bottom  attenuation  factor 
and  shows  taut  reflection  lose  may  be  expected  at  all  gracing  angle 
greater  than  0°.  The  presence  of  two  or  wore  shallow  layers  of  ced- 
iraeat  and  the  existence  of  sediment  layers  with  sound  velocities 
less  than  that  in  the  water  * have  complicated  both  the  theoretical 
and  experimental  aspects  of  Ihe  problem.  A number  of  models  con- 
sidered suitable  for  deep  ocean  bottom®  nave  recently  been  suggest - 
ed.  One  of  these.,  suggested  by  Cole  end  l«ell  aaa  been  fairly 
successful  In  obtaining  agreement,  vita  experimental  results.  It 
is  a three-layer  model  and  combines  the  three-layer  solution  of 
Brekhovaklil/3  with  the  modification  suggested  by  Ma.cler.2ie . 

Previous  experimental  studies  of  acoustic  bottom  reflectivity 
have  been  made  with  signals  of  relatively  htgl)  frequency  or  with 
explosive  sources.  Hie  angle  coverage,,  especially  fer  low  grating 
angles,  has  been  i ne  complete . The  present  study  endeavors  to  give 
a more  c deplete  angular  coverage  with  emphasis  on  tlie  lov  angle-.;. 
Frequencies  of  1.5  Ac  sod  .10  kc  hare  been  used  thus  far  and  further 
teste  using  3 kc  sources  as  well  as  explosive  sources  are  planned. 
Considerable  control  of  the  experiment  has  been  achieved,  we  believe, 
by  anchoring  one  or  both  ships,  by  using  variable  depth  ecui-eea  which 
ire  non -directional  or  nearly  so,  and  by  the  choice  of  a relatively 
smooth  and  level  area  for  a test  site. 

Data  were  collected  luring  sew  trips  in  October  and  December 
1961,  and  August  IQttl.  'Hina  present  «v»port  iescri res  cur  equipment, 
the  test  area,  and  the  experimental  procedure.  It  also  presents  ■% 
portion  of  the  ds t*  obtained  on  the  October  1961  trip.  Uii & re- 
et  riot  loo  to  October  1961  1st  a is  a matter  of  convenience  at  thi  r 


tlssJ  Reporting  ter  at  bar  data  ewet  be  delayed  to  permit  study  of' 
cods  Latency  criteria  in  all  date.  Tb*  present  purpose  is  so  discoac 
iKrthvds  with  only  examples  of  results . 

^v.rr?545OTr  A»I>  lOG'EPJMEJRTAL  PHOCSJCURB 
Qfrnsrsl  i 2j*e  procedures  %ad  equipment.  used  oc  all  three  trips 

vksps  similar.  If. a following  description,  which  refers  spec i ft cslly 
to  the  October  1961  trip,  will  therefore  give  a general  Men  of 
tbe  test  procedures  for  all  trips. 

Becb  of  the  snipe  (UBS  **vlRJtt5  and  YFU-45)  was  equipped  to 
send,  receive  and  record  1.5  ke  underwater  signals;  the  HKK&tffiG 
el  so  carried  radar  aad  echo- sounding  equipment.  The  YFU-45  w».e 
anchored  while  the  laSJGJUHG  vw  alloved  to  drift.  The  photograph, 

Pi gure  1.,  taken  on  the  YFU-Uj  shows  the  1.5  kc  source  being  ’art 
aver  the  bow;  the  -J&S  HfcXBURS  is  seen  in  the  background. 

31ie  germs  try  of  the  erperiaiental  procedure  is  shown  *r. 

Figure  2,  As  the  REXBUPG  drifted  nwu.y  from  the  fflJ,  the  gramme, 
angle  0 made  by  the  bottom- reflected  ray  changed  gradually, 
mar  be  r of  grmtng  angles  tested  was  further  increased  by  sending  n 
receiving  the  sound  from  several  different  depths.  In  general, 
sources  were  Kept  deep  aiace  this  avoided  trouble sosse  refraction  r •• 
ar.l  provided  low  grazing-angle  pathc  frcaa  to- tree  to  receiver  .If. 
certain  corrections,  to  be  described  .in  a later  section,  the  uc.. 
reflection  coefficients  could  then  be  obtained  by  cumbering  the  • 
litndes  of  the  direct  and  bottom-reflected  signals  as  recorded  at  •' 
receiving  ship.  Grating  angles  computed  by  measuring  3igj;H.i  • 

sit  ximop  from  which  depths,  rtuiguu,  *w»d  the  complete  getrsatv- 
test  could  then  be  calculated. 
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FIGURE  I.  THE  15  Kc  SOUNO  SOURCE  RIGGED  FOR  LOWERING  FROM  THE  BOW 
OF  THE  YFU-45 


DRIFTING 


FIGURE  2.  GEOMETRY  OF  EXPERIMENTAL  PROCEDURE 


'TRAjuacm'm  akd  hecejvdjg  SQuuPMsarr 


The  fcioek  diagram  In  Figiuv;  3.  chowo  the  transmitting  and  receiv- 
ing system  used  aboard  the  XFU-45.  Hunt  on  the  USS  REXBUBG  was  ident- 
ical except  for  the  addition  of  the  linear  FM  equipment  to  be  discussed 
inter, 

’The  sound  signal  to  be  transmitted  originates  in  the  kcyer  (see 
Pig.  3)  and  after  amplification  ie  t ran salt ted  simultaneously  vi (.fa 
a radio  pulse  to  the  receiving  ship.  A signal  from  the  HKXBlfHG  Is 
received  at  the  YFU-w^  on  three  channels  via  the  shallow  and  deep  hyd- 
rophone and  the  transducer  which  is  normally  switched  to  the  receive 
position.  Linear  amplifiers  (70  db)  and  variable  attenuators  bring 
the  received  signal  to  a level  suitable  for  display  on  three  channels 
of  the  paper-tape  recorder.  Channel  1 receives  the  radio  signal  which 
provides  s.  zero- time  reference.  A 206  cps  sine  wave  generated  by  the 
crystal -control led  clock  is  recorded  on  channel  5 and  serves  as  a tine 
base  for  measuring  travel  time  via  the  various  sound  paths.  Figure  4a 
shows  a sample  record  obtained  on  the  YFU-4%  A 5-meec  pulse  t rent- 
al tted  by  the  REXBURG  has  beeu  received  on  channels  2,  3 and  4.  Kach 
channel  shows  a number  of  arrivals  which  are  not  always  completely 
resolved.  Hits  lack  of  resolution  is  clearly  shown  in  Figure  4b , , 
channel  4_,  where  the  direct  and  surface-reflected  signals  ove rlap  al- 
most completely.  Channels  2 and  3 lr.  Figure  4b.  nuow  completely  re- 
solved direct,  bottom,  and  eurface -re! looted  cignals  plus  other  algcolt; 
resulting  from  more  than  one  reflections.  (Lableo  B,  D and  6 refer  to 
bottom,  direct,  and  surface,  respectively. 
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FIGURE  3-  BLOCK  DIAGRAM  OF  TRANSMITTING  AND  RECEIVING  SYSTEM  ABOARD  THE  YFU-45 


COMPARISON  CP  SIGNAL  TIPI'S 


Ik, 


Three  types  Of  signals  were  transmitted  during  the  October  trip. 

Iu  addition  to  the  5-mBec  CW  pulses,  seen  in  Flgui-e  4,.  two  types  of 
KM  signals  were  used;  50-asec  FM  chirpB  and  linear  FM  pulses.  A major 
objective  of  the  October  trip  was  to  compare  these  signs?!  types  and 
thus  determine  the  most  appropriate  type  for  future  use.  Sacn  type 
and  their  relative  merits  will  how  be  discussed. 

(I)  CW  Pulses 

The  5 msec  CW  pulses  transmitted  at  1-5  kc/s  were  short  enough 
to  give  good  resolution  between  the  bottom- reflected  and  direct- 

' i 

arrival  signals  ao  long  sit  there  wae  a path  difference  equivalent  to 
the  length  of  the  pulse  in  water;  that  is,  a path  difference  of  obout 
8 yds.  When  these  two  signals  are  resolved  their  amplitudes  can  be 
compered  to  obtain  the  reflection  coefficient.  For  a given  pulse 
length,  the  path  difference  and  the  grazing  angle  depend  on  the  separ- 
ation of  the  source  and  receiver  and  upon  their  distances  above  the 
bottom.  Ibe  relation  between  grazing  angle,  range,  and  distance  of 
the  transducers  above  the  bottom  is  shewn  graphically  in  Figure  5.  in 

r 

this  figure  it  is  assumed  that  both  transducers  (source  and  receiver) 
are  the  samp  distance,  D,  abov*?  the  bottom.  The  X-raark  on  each  curve 
gives;  the  limit  at  which  a 5 -msec  pulse  1b  resolved,  expressed  in  teri&3 
of  range  and  grazing  angle  for  the  given  value  of  D.  For  example,  if  j 

D = 100  yds.  usable  .lata  is  limited  to  grazing  angles  of  0=«4 . 5°  and 
above.  An  these  curves  show,  the  lower  limit  to  grazing  angle  cover- 
age .'sing  5-msec  pulses  is  about  4°  unless  ranges  in  excess  of  1000  yds 
are  used.  Shorter  pulse  .lengths  will  increase  this  coverage  but  at 
1.5  kc/a  & 5 --®e«c  pulse,  which  contains  7.5  cvr.lee,  la  close  to  the 
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radical  limit..  Interference  from  the  surface  reflected  Bignsi.  ktust, 
also  be  considered,  the  venue  curv»s;  using  D as  the  distance  to  tbs 
surface,  may  be  used. 

(2)  Linear  I’M  Pulses 

Ths  linear  FM  equipment,  used  only  on  the  October  trip,  vae  a mod- 
ified ye re ion  of  an  echo- ranging  equipment  originally  developed  for  long 

T 

range,  deep-water  research.  Eae  linear  Fh  puiees  were  one  eeccsnd 
long  and  had  a variable  sweep  frequency  with  a center  frequency  of  2 
kc/e . The  sweep  frequency  was  generated  ce  the  KETCBURCJ  and  transmitted 
by  radio  to  tba  IFU-<*5,  where  It  w&e  then  retransmitted,  into  the  water 
through  a power  amplifier.  Ibis  expedient  was  neeeoeary  beeau&e  the 
only  available  equipment  was  on  the  FiiiX3tfRQ,  and  it  la  necessary  for 
the  uaase  equipment  to  generate  ae  well  os  receive  the  signale.  Figure 
6 is  a replica  of  the  signals  receive!  on  the  X~Y  recorder  used  with 
this  equipment.  After  certain  corrections,  the  amplitude  reflection 
coefficient  is  obtained  by  finding  the  ratio  between  the  bottom- re fleet- 
ed amplitude,  B,  and  the  direct-arrival  amplitude,  P.  TW s system  pro- 
vi  vied  a mini  mine  resolvable  path  difference  of  about  10  ydc . An  upper 
limit  of  185  yds  la  path  difference  was  imposed  by  Ur-  scale  limitations 
of  the  recorder.  Because  the  GW  pulses  were  easier  to  generate  and  use. 
because  they  gave  scsscvfcat  greater  angle  coverage,  and  because  they 
presented  fewer  calibration  problems,  .the  use  of  the  linear  FW  system 
-h  this  study  was  not  continued.  However,  the  system  worked,  satis- 
factorily and  may  be  an.  important  tool  for  similar  studies  in  deep 
water  where  its  high  t;lgnal»t,o«  noise  ratio  is  a more  important  consider- 
ation than  in  the  relatively  ahaLLov-vater , short-range  cb^. 
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RANGE  INTERVAL  = 188  YDS ►] 


FIGURE  6.  SIGNALS  RECEIVED  ON  THE  X-Y  RECORDER  OF 

THE  LINEAR  FM  SYSTEM.  ( D = DIRECT,  B=  BOTTOM, 
S = SURFACE  SIGNALS). 
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T)»e  chirps  used  were  50  msec  long.  The/  were  swept  linearly 
in  frequency  from  1.3  to  1.6  kc/s  at  a rate  of  6 kc  per  second,  per 
second. 

At  a receiver,  the  sound  frai  the  direct  and  hot tow- re fleeted 

paths  arrives  slightly  displaced  in  time.  The  beating  together  of  the 

two  e 1 goals  produces  an  Interference  pattern  which  may  be  seen  between 

8 Q 

3 and  C in  the  3 (Maple  record  of  Figure  7.  Liebermann  ’ has  shown 
that  the  maximum  reading,  M,  1b  the  sum  of  the  two  signal  amplitudes 
and  that  the  minimus:,  m,  ie  the  difference  between  them.  The  amplitude 
reflection  coefficient  R ie  therefore : 


M-m  (d+r^ - (d-r)  _ 2r 

M-*ia  (dtr;  (d-r)  ~ 2d 


« (1) 

where  d and  r are  the  amplitudes  of  the  direct  and  reflected  signals, 
respectively,  and  R Is  the  amplitude  reflection  coefficient. 

t!se  of  the  FM  chirps  is  limited  to  relatively  low  great ng  angles 
because , for  beat  data,  the  surface-reflected  signal  sfccnxld  not  arrive 
until  at  leant,  one  pulse  length  af  ter  the  start  of  the  hot  toy-reflected 
signal  . Also,  the  path  difference  nru6t  be  at  least,  great  enough  to 
give  one  complete  maximum  and  minimum  during  the  time  that  the  signals 
are  Interfering.  Increasing  the  path  difference  increases  the  lx? at  fre- 
quency, thus  giving  more  beats  in  a given  time.  The  -.ipper  limit  of  use- 
ful data  is  reached  when  the  overlap  in.  signals  ie  just  great  enough  vo 
> reduce  one  complete  cycle  of  interference. 

When  the  factors  limiting  the  use  of  the  FM  chirp  are  considered 
for  the  present,  equipment,  it  ip  found  that  useful  data  is  obtained  when 
path  differences  of  from  5.8  ytls  to  77  yds  exist.  This  corresponds  to 
delay  times  of  3.6  nsec  and  rr,nec,  respectively.  2 vise  limitations 
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FIGURE  7.  SAMPLE  RECORD  SHOWING  INTERFERENCE  PATTERN 


PRODUCED  BY  AN  F M CHIRP. 

(THE  DIRECT,  BOTTOM-REFLECTED,  AND  SURFACE  - 
REFLECTED  PULSES  BEGIN  AT  A,  B,  AND  C AND 
END  AT  D,  E,  AND  F RESPECTIVELY.) 


•re  indicated  an  state  of  the  curves  of  Figure  5 with  circles  which  sht 
the  <r»njfft  and  angle  interval  over  which  useful  data  any  be  obtained  for 
a given  source  and  receiver  depth,  for  xaieple , the  grazing -angle 
overage , when  the  source  and  receiver  are  150  yds  above  the  bottom, 
is  free  a low  of  2 degrees  to  a loaximan  of  ?9  degrees;  the  range 
interval  for  this  case  is  from  yOO  yds  to  6000  yds.  When  the  source 
and  receiver  are  50  or  100  yds  frua  the  tot  tor.  the  upper  angle  limit 
Is  closer  than  ,yOO  yds  and  is  not  shown. 

The  increased  resolution  provided  by  FM  chirps  gives  somewhat 
better  lov-angle  coverage  than  either  the  5 msec  ptj.aes  or  the  linear 
FW  system.  One  drawbars  in  the  use  of  the  chirps  is  that  aobi guous  re- 
sults are  obtained  if  the  batten;  reflected  pulse  has  a greater  Hapli- 
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tude  than  the  direct  pulse . As  Liebermann  has  explained,  this  lambigr. 
uity  can  be  resolved.  The  process  is  tedious  however  and  should  be' 
avoided  if  possible.  Another  disadvantage  concerns  the  necessity  for 
corrections  in  amplitude  because  the  frequency  response  of  the  sources 
are  not  flat  over  the  frequency  interval  covered  by  the  chirp.  Ir. 
spite  of  these  drawbacks  further  tests  with  FM  chirps  vl.il  be  xaewte 
since  there  is  sane  indication  of  increased  stability  in  results  fro» 

f 

p;;l3e  to  pulse  and  because  angle  coverage  down  to  2 or  3 degrees  can 
be  .obtained  by  this  method . 

DESCRIPTION  Of  TEST  AREA 

'Vbe  location  of  the  teet  area  off  Mission  Beach,  San  Mego  is  seen. 
in  Figure  8.  This  area  was  selected  because  it  nas  a flat  moderately 
deep  ocean  floor  and  is  readily  accessible  Cram  MKT,.  A further  advant- 
age of  the  site  is  that  it  is  shallow  enough  at  200  fas  to  permit 
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FIGURE  8-  LOCATION  OF  TEST  AREA  (DOTTED  LINES  ARE  TRACKS 
OF  REXBURG  DURING  RUNS  I AND  2) 
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Anchoring  of  cue  or  both  vessels . Thu*  ft  stable  point  of  reference 
Is  pmvided  for  the  teats. 

Tbe  aea  bottom  in  this  area.  consists  of  a layer  of  silty  material 

of  high  porosity  and  low  sound  velocity,  properties  which  are  also 

3 

characteristic  of  large  areas  in  the  deep  Pacific  Ocean  basin*. 

Bound  velocity  ir.  the  upper  part  of  this  layer  is  cloae  to  or  slightly 
less  than  that  iti  the  6ea  water  near  the  oottens.  As  seen  from  Figure 
9,  sound  rays  striking  the  water-oilt  Interface  ate  partially  reflected 
with  tbe  remainder  of  the  energy  going  into  the  silt  layer.  If  the 
silt  layer  is  homogeneous  this  transmitted  ray  is  refracted  at  the 
silt-water  interface  and  follows  a straight  line  path  to  tbe  sub 
bottom  where  the  energy  is  largely  reflected  and  returns  to  the  voter 
along  the  path  shown,  'fhe  possible  presence  of  a positive  velocity 
gradient  in  the  slit,  uncertainty  regarding  tbe  thickness  of  the  silt, 
uncertainty  regarding  the  roughness  of  the  sun  bottom,  and  uncertainty 
regarding  the  sound  attenuation  coefficient  in  the  silt  layer  arc 
camrll  cat  loos  which  make  it  difficult  to  predict  the  reflection  coeffi- 
cient in  this  area. 

10 

Information  obtained  from  the  Sea  Floor  Study  section  of  HS3.  *"  in- 
dicate that  the  bottom  sediments  are  clayey  silts  approximately  7 yds 
thick  over  shale  or  sandstone.  The  physical,  and  acoustic  properties 
of  the  three  media  (water,  silt,  shale)  are  shown  in  Table  1.  An 
analysis  of  a sediment  sample  brought  up  by  the  anchor  in  this  area  Is 
in  agreement,  vltb  the  tabulated  values.  Also,  recent  in  situ  measurements 

obtained  during  a dive  of  the  bathyscaph  TKJJ53TK  in  this  area  provide 

9 

k'datio  'Of  the  volume  of  void*  (sea  water)  between  the  grains  of  a sediasiut 
sample  to  the  total  volume  of  the  seoiaeut . 


WATER  SURFA 


FIGURE  9.  PHYSICAL  PROPERTIES  OF  THE  WATER  AND  SEDIMENT  LAYERS  IN  THE 
TEST  AREAS. 
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further  cnnfi naBticn  for  the  water  and  silt  sound  velocities  which  appear 
in  this  table.  During  the  dive  of  the  THDES1E  acoustic  probes  were 
used  to  measure  the  sound  velocity  in  the  upper  region  of  the  ailt.  Bse 
sound  velocity  for  the  anchor  sample  was  obtained.  fro&  the  poro&ity- 
oound  velocity  relationship  described  by  Shuns  way . ^ The  attenuation 
in  the  sediment  was  obtained  fr«a  Sbumway's'*'*'  30-  to  37-  kc/o  values 
which  were  extrapolated  to  1.5  kc/s.  Ihe  average  frequency  dependence 
obtained  from  the  30-  to  37-kc/s  results  may  be  expressed  as, 

Ct  m k r*8 (2) 

where  at  « attenuation,  in  do,  f * frequency,  and  k is  the  constant  of 
proportionality.  It  is  important  to  note  that  the  average  value  of 
1.8  has  a standard  deviation  of  approximately  1.0. 

The  properties  of  the  third  layer  (shale  or  sandstone)  are  poorly 
known  but  this  is  less  Important  than  the  other  uncertainties  already 
mentioned. 

As  already  stated,  the  bottom  in  tills  area  ia  fairly  level  and  la 
oelieved  to  be  quite  smooth.  In  the  October  tests,  for  exai^le,  the 
tracks  (Pig.  8.}  were  over  bottoms  which  bad  fairly  linear  slopes  of 

lens  than  three  degrees,  as  indicated  by  the  echo-sounder  aboard  the 

/• 

REXBURO,  Visual  observations  from  the  TRIESTE  cend  to  confirm  that  the 
bottom  is  smooth,  at  least  over  the  limited  area  seen  through  the  ri**v- 
, -■’•t  on  the  TRIESTE. 


LI 


REDUCTICK  at  CV- PULSE  RATA 


The  amplitude  reflection  coefficient  for  the  ooear,  bottom  ie  the 
ratio  of  the  reflected  round -pressure  amplitude  to  that  of  the  incident 
sound  w»vf , I?  path  lengths  are  equal  and  the  round  source  and  receiver 
aj-e  amc- -<ii recti  unau  thin  mtio  car  be  found  directly  from  the  amplitude 
of  the  bottom- re  flee  ted  and  direct,  signals,  such  fie  those  recorded  on 
the  Visicorder  tape.  Figure  4.  At  low  gracing  angles  these  conditions 
of  path  Length  and  dl  recti  ’.city  were  closely  approximated.  At  otbet 
angles  the  ratio  of  the  recorded  amplitudes  vac  corrected  for  difference 
in  p&tfc  length  by  assntting  inverse  square  spreading 

Corrections  for  source  and  receiver  directivity  were  obtained  from 
the  vertical  directivity  paitevn  seen  in  Figure  10.  As  this  figure 
shove,  the  correction  at  low  graai ng  angler,  { near  90°,  Fig.  10 ) is  small; 
in  the  neighborhood  of  4'>°  (1350,  Fig  ll1)  however  the  reeponse  is  about 
b db  dc’vu,  ’which  reduces  the  both  am-reflected  amplitude  by  H?  dt  vhen  • 
both  source  and  receiver  are  considered  The  pattern  in  Figure  1.0 
applies  to  the  transducer  on  the  ¥FU-45  fie  vmll  an  that  or  the  RFXHU&J 
since  they  ere  of  identical  design.  ’The  hydrophones  used  are  erroi - 
'directional  at  1.5  kc/a. 

Ad^us tens n t e "or  difference  in  path  length  were  «*.de  by  assuming 
straight-line  paths  and  applying  an  inverse-square  spreading  lose  corr- 
ection, At  the  omn.ll  range  difference  involved,  cot  rent  lone  for  differ 
encas  In  absorption  loss  are  negllglb  e.  Ref meti  an  effects  Which  might 
•roduce  shadow  zones  and  invalidate  the  ooeumptl on  of  straight -1* ne  pat'. 
e*e  :rnr:d.-  *ed  of  negligible  importance  because  the  velocity  profile  ob- 
tained during  the  tests  shows  only  0J  igbt  negative  gradient  s at  depths; 
♦hers  low- grazing  angles  were  considered . (See  further  discussion  lr 
a later  section.)  At  higher  grazing  angles  (?'j°  or  greater'  -of motion 


I 

affect?  are  negligible  even  when  appreciable  velocity  gradient b ft re 
present. 

Path  lengths  and  grating  bugles  were  calculated  by  measuring 
travel  time  along  the  various  paths  using  the  radio  pulse  as  a zero 
reference  and  the  200  cps  signal  oa  a time  hast.  (See  Fig.  **.) 

From  these  travel  times  and  the  average  sound  speed,  as  determined  by 
the  ■‘ulocieieter,  the  pftth  length®  and  grating  angles  could  then  be  cal- 
culated. A velocity  profile  obtained  in  one  of  the  relccimeter  lower- 
ings from  the  surface  to  the  bottom,  is  reproduced  in  Figure  11. 

KES1D/TS  AND  DI8CUSSI08 

The  individual  amplitude  reflection  coefficients  determined  in 
the  October  tests  are  plotted  In  Figure  12  as  a function  of  grazing 
angle.  These  unaveraged  results  present  a somewhat  unexpected 
picture.  Although  fluctuation  is  never  unexpected  in  underwater  sound 
research,  that  shown  here  seems  to  be  excessive.  In  addition,  the 
large  number  of  reflection  coefficients  greater  than  unity  was  not  an- 
ticipated, Under  conditions  where  experimental  control  la  considered 
good  and  in  an  area  where  the  bottom  appears  to  oe  amooth  and  produces 
a clean  cut  bottom  reflected  signal,  with  little  evidence  of  distor- 
tion by  excessive  scattering,  the  results  shown  are  somewhat  surprising. 

The  data  of  Figure  12  is  presented  in  a different,  and  perhaps 
less  alarming,  form  in  Figure  13.  In  this  figure  the  average  of  all 
the  coefficients  in  each  5-degree  interval  is  plotted  versus  graaing 
angle.  The  standard  error  of  a single  observation  is  also  indicated 
at  each  average  value.  The  dotted  line  joining  the  are  rage  points 
nov  bears  some  resemblance  to  the  decrease  in  reflection  coefficient 
which  might  be  expected  from  theory.  The  results  evaeu  in  FI'— rr  1,  are 
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AMPLITUDE  REFLECTION  COEFFICIENTS 


FIGURE  12.  AMPLITUDE  REFLECTION  COEFFICIENTS  AS  A FUNCTION  OF 
GRAZING  ANGLE.  (UNAVERAGED  5 MSEC  CW  PULSE  DATA 
FROM  OCT.  1961  TRIP). 


fxjl.ro  presented  In  Table  XI.  In  this  table  the  reflection  coefficient* 
ere  Hated  according  to  receiver.  Where  5 or  more  samp  lee  are  avail - 
sb'*,  fairly  good  consistency  in  reflection  coefficient  values  froa* 
receiver  to  receiver  vac  obtained.  ThiB  provitlea  Bone  evidence  regard- 


ing the  effective nece  of  the  separate  equipments  but  more  samplee  are 
needed  to  give  complete  assurance.  It  is  also  obvious  frcsn  the  table 
that  6cesc  regions  to  47. 5°/  for  example)  have  been  poorly  sampled. 

Let  us  now  examine  ease  of  the  theoretical  rotations  and  compare 
their  predictions  vith  the  results  seen  In  Fig 'ore  13.  'Che  physical 
properties  listed  In  Table  I will  be  used  a*  the  basis  for  tbeeo  pre- 
diction*- . 

Figures  14  and  15  give  the  amplitude  reflection  coefficient,  curves 

that  are  obtained  when  a two  layer  model  la  assumed.  Figure  lU  shove 

the  results  obtained  from  the  Rayleigh  formula . ^ Since  there  Is  sense 

doubt  aa  to  the  precise  value  of  the  sound  velocity  in  the  clayey - 

silt  layer,  three  curves  were  drawn.  These  three  curves  show  the  marked 

effect  of  slight  variations  in  this  parameter.  Tbc  average  vaivwe  f />va 

Figure  lj  are  aleo  plotted  on  Figure  l4;  thes*  circled  data  points  are 

veil  removed  from  all  of  the  theoretical  curves.  Figure  15  presents 

2 

the  modified  Rayleigh  curves  using  the  spot-  sots  of  physical  properties 
os  in  the  previous  figure-  The  data  points  of  Figure  13  again  fall  weil 
above  any  of  the  theoretical  curve  a for  this  two- layer  oodeJ..  It  may 
seem  obvious  that  the  poor  agreement  better,  tr.eory  ani  experiment  would 
occur,  since  we  are  actually  concerned  with  a three-layer  situation- 
However,  since  the  attenuation  in  the  ellt-  layer,  as  well  as  the  thick- 
ness of  the  layer  and  the  type  cf  raaterl al  underlying  it  are  poorly  Jsnow . 
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AMPLITUDE  REFLECT 


GRAZING  ANGLE  <f>  , IN  DEGREES 


FIGURE  14-  THEORETICAL  AMPLITUDE  REFLECTION  COEFFICIENTS 

RAYLEIGH  FORMULA,  TWO  LAYER  CASE. 


AMPLITUDE  REFLECTION  COEFFICIENTS 


FIGURE  15.  THEORETICAL  AMPLITUDE  REFLECTION  COEFFICIENT 
MODIFIED  RAYLEIGH  FORMULA,  TWO  LAYER  CASE. 


ti'»r  was  oo  &Z&K  r&n  ■«  that  aay  of  toe  «oun<l  e^i-ergy  entering  if-;  c;.t 
©ul  oe  ‘eturnea  t.  the  at-  »■  l;j /wr, 

. .1*  roo.  agreergant  «hovn  by  be  - vro^ layer  modein  baa  Lei  no  the 
»rxtKx  o:  severed  e-laye’-  rtvc.de  Le.  Th~  results  from  one  such  trial 
%r*  rtttotm  in  -'inure  lb.  The  procedun-*  user,  ir  deriving  thcce  curvet 
»•  u.  I*;  ine*  h etjjjty  by  referxinj  to  i?3 jrtre  b,  Tfc  le  seen  " «* 

■v *e.i  i,  v>e^-  aay  bt  ccnfli'.ered  kb  a c.*«M  nation  of  two  sit  al>.  , •&* 
■•iviuc,  fia  v l-ef  .'.eetioa  an  th  ■ v.it.er-8i.‘. Interface  , the  ether  by  a 
V 1 U ougb  1 ie  silt  layer  ith  a refleet  lo  at  the  silt -serf  si  one  - 

j>  •*.  lie  Bitjw..  whi  b follows  the  '>eeond  path  will  suffer  oeses  c 
i/  bo  adories  ae  well  as  attenuation  ^ absorption)  lev: a*.*  it-  the  #•  - 
i ye*  . urinoai  iec  Fayleig!  its  fleet!  on  «r.  t.ransaleeion  - <v- 

v-'  t-  u ie<i  to  etiii!  te  the  lo  c at.  e «:h  1 nte ; far*  Tie  refleeti  on  co 
uic  e\t  '.'  irveB  eson  n F mire  1.6  ai>«»  <ie  I ve  fro®  the  resultant  r?> 

«»Hl  orn  the  i,  nes  along  t-t.  an  nr*. to  pai  . «*  « considered  and  the  tv 

sx*>,  als  are  e&dei  . po-esrn  se  >t  the  reelver.  An  attenuatSc  eoert 
In  the  lit  of  .0!  !b/e>  van  a.,  imv  t in  calculating  -»«ch  curve. 

pE' ram*.- ter-  Crvn  Table  I -ere  used  as  !ndi oated  on  the  figure,  except 
t.u  -t  to  the  cur-e  Label  e-i  < C.,  i flour  1 speed  Cn  - 1.5  Kn/ser  wa 
used.  The  averaged  Octol  »r  data  polntr  b*ve  aaydn  been  piottf*1  on  th- 
tl^ure ; it  la  apparent  that,  conaiieratic « the  three-layer  rvV- 
*!UJ.tid  In  a ccr siderouly  improved  fit. 

The  f nnpll flc  mcxlei.  .l  ist  c- ool-.-ered  f»  i nadeqmt*  la  *amo  rc - 
tpeeto . For  example , phase  efft  U.  art;  not  onailared  arr?  t pmnti 
l.Uty  of  multiple  ret'  action  ; ••.>*-  m ttv?  • • 
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FIGURE  16.  COMPOSITE  RAYLEIGH  CURVES  OBTAINED  BY  COMBINING 
SIGNALS  REFLECTED  FROM  BOTTOM  AND  SUB-BOTTOM. 


The  model  »uggested  recently  by  Cole  and  Bell'*  cover  these  inadequacies 
and  may  provide  a better  fit  to  the  dat-a  collected  in  this  area.  However, 
there  are  other  possible  mechanisms  at  work  which  may  invalidate  our  ass- 
umptions, or  which  may  oe  related  to  the  large  fluctuations  and  the  high 
reflection  coefficients  which  have  been  observed.  Four  of  these  me chan- 
isms  will  be  considered  briefly. 

(1)  It  is  quite  possible  that  a positive  velocity  gradient  ib  present 
in  the  silt  layer.  If  so  the  sound  entering  the  layer  would  be  refracted 
upward  and  could  reenter  the  water  layer  without  reaching  the  sandstone 
layer. 

(2)  The  large  number  of  observations  in  which  the  reflection  coeffi- 
cient has  a value  greater  than  unity  has-  suggested  the  possibility  of 
focusing.  With  both  source  and  receiver  essentially  anni -directional 

and  a bottom  which  is  not  a perfect  plane  surface  it  is  possible  to  have 
sound  reach  the  receiver  by  reflection  at  more  than  one  point  or.  the  sea 
floor,  and  with  little  difference  in  parti  length.  These  individual  signals 
could  odd  vector ially  to  produce  a highly  variable  signal . 

(3)  Another  possible  cause  tor  the  large  number  of  coefficients 

r 

greater  than  unity  is  that,  the  direct,  arrival  may  be  of  lower  amplitude 
than  is  predicted  by  inverse  square  spreading.  To  test  this  possibility 
the  levels  of  the  direct  signals  received  on  the  transducers  at  the  100-1 
ft  depth  during  an  opening  run  of  1200  yds  were  plotted  against  range. 

The  re3ulta  obtained  are  shewn  in  Figure  17.  The  plotted  points  in  this 
figure  scatter  about  the  20  log  r apreading-loss  line  as  the  range  in- 
creases from  80C  to  2000  yds.  I11  the  region  beyond  2000  yds,  however, 
there  la  a marked  decrease  in  level  belov  that  shown  by  the  inverse- 

square  spreading  loeo.  As  a result  the  reflection  coeff icier^n  obtained 
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FIGURE  J 7-  LEVEL  OF  DIRECT  TRANSMISSION  AS  A FUNCTION  OF  RANGE. 

(CW  PULSES,  TESTS  I,  2,  3,  ) 


from  this  data  are  too  high-  It  i.o  believed  that  this  accounts.  in  part 

at  .Usaat,  for  acne  of  the  high  values  obtained  in  the  low-angle  regl or. 

The  droop  in  the  level  of  the  direct  signal  has  been  observed  on 

several  other  runs  at  a critical  range  which  eceics  to  be  associated  with 

the  distances  of  the  source  and  receiver  above  the  bet tow.  This  has 

suggested  the  possibility  that  the  decrease  in  signal  may  be  cause!  by 

destructive  interference  betwaen  the  direct  signal  end  one  which  reaches 

12 

the  receiver  by  a refraction  path,  as  indicated  in  Figure  18.  Bile  pith, 
EABH,  goes  frere  source  to  receiver  via  the  silt-water  interface  and,  for 
a velocity  in  the  sediment  greater  than  in  the  water,  may  reach  the  re- 
ceiver at  the  same  time  as  the  direct  signal.  Thus  interference  would 
result,  producing  a lower  (or  higher)  direct  signal.  Another  possible 
refraction  path  follows  the  silt -shale  Interface  SCI®.  The  critical 

range  r . at  which  the  direct  and  the  refraction  signal  reach  the  rvcoiver 
c 

sixmiLtoneoaaly  is  given  by 


where  Z is  the  distance  of  the  source  and  receiver  from  the  hot tew  and 

f 

C1,  C0  are  the  sound  velocities  in  the  vater  anfi  sedlasnt,  respectively. 

In  the  data  and  theory  plot  of  Figure  16,  the  refraction  path  ,1c at  dis- 
cussed might  very  well  lover  the  data  point  at  5 degrees  gcniJ nc  o<w.U- . 
Other  data  would  not  ba  affected. 

In  the  example  cited  (Fig.  i?)  wd  several  other  cases,  the  critical 
range  calculated  from  thin  expression  falls  close  to  the  range  vbere  the 
level  of  the  direct  signal  shows  a (narked  departure  fro®  the  2C  log  r line. 
While  further  study  of  this  possibility  see roe  desirable  there  are  a mr'- •• 
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jS  reasoa®  why  this  explanation  for  the  high  (a od  jU>v)  coefficient*  at 
low  ^crating  ang le*  is  w:  unlikely  one.  Of  most  important*,  perhaps,  is  • 
that  considerable  loss  is  expected  in  the  sediment  because-  of  absorption 
and  because  the  signal  alone  the  refraction  path  surfers  an  inverse 
fourth  power  Iocs.  (See  Ref.  1,  p 196)  I’bafe  the  signal  via  the  refrac- 
tion path  t&y  be  ef  a relatively  lov  level  and  nay  have  little  effect  on 
the  direct  signal.  This  uncertainty  can  be  clarified  by  resolving  tb* 
re  fraction  path  signal.  This  has  not  been  accomplished  in  tha  present 
data  because  ranges  have  not  beet,  great  enough  for  this  purpose.  Reso- 
lution can  also  be  accomplished  by  melting  7>  In  Equation  (3)  sffiaU-j  that 
is,  by  bringing  the  source  and  receiver  closer  to  the  botham.  Futur*? 
tests  will  attempt  tc  do  this. 

(k)  The  sudden  decrease  In  the  level  of  the  direct  signal  seen  in 
the  graph  (Fig.  17)  could  be  caused  by  refraction  effects  such  £W  those  ex- 
perienced if  the  recei,ner  enters  a shadow  too?.  For  example,  an  unsus- 
pected positive  gradient  near  the  bottom  could  create  » shadow  Jona 
near  the  bottom  similar  to  that  ccsmonly  Observed  near  the  surfs*-;*  when 

a nagative  gradient  Is  present.  As  already  mentioned,  refraction  ef facto 

/ 

were  considered  negligible  becauee  velocity  data,  obtained  from  surface 
to  bottom,  had  rather  weak  velocity  gradients.  This  question  has  been 
o necked  further  by  constructing  a ray  diagram,  Figure  19,  based  cm  the 
velocity  profile  o**  Figure  11.  It  is  evident  from  this  ray  diagram 
that  the  source -to- receiver  path  at  the  1000-ft  level  Is  but  Little  j 

affected  by  refraction  and  could  not  be  resnaos ible  for  the  sharp  drop 
in  level  seen  at  e’200  yds  In  Figure  17. 
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COSCLUSIONS 

1 . The  equipment  used  peri’orjaed  aatisfactori  ly  and  appears  to  be  ad.-  - 
quate  for  further  b otto©-re  flee u i oa  lose  tests. 

2.  'Of  the  aj.gri.aj  types  ueed,  the  CW  pul sec  gave  best  results.  The  FM 
chirps  have  some  advantage®  and  their  use  will  be  continued . The  i inear 
FM  pulses  aftov  promise  for  long- range , deep-water  work  hut  have  r.o  ad- 
vantages at  the  rargwa  and  depths  used  in  this  study,’  ' 

3-  The  planned  exper  Ijoentai  procedure  worked  smoothly;  with  a few 
modifications  it  is  adequate  for  our  needs.  In  particular,  it  seems 
desirable  to  anchor  both  ships  and  vary  the  grazing  angle  by  changing 
the  deptn  of  source  and  receiver.  This  procedure,  with  occasional 
changes  In  range,  will  gi vt  adequate  gracing- angle  coverage  and  vi 12.  al»- 
provide  a more  stable  experimental  set-up. 

4 . The  three-layer  node!  applied  to  the  October  data  gives  a consider- 
ably better  fit  than  any  of  the  two- layer  models.  It  is  expected  that 
better  control  of  the  experiment,  better  information  an  the  physics-;, 
properties  of  the  sediment,  more  data  with  uniform  coverage  at  ali  angle;  , 
end  «ob«  changes  in  the  three -layer  model  assuasptJ  ana  will  remedy  the  dis- 
agreement stiJJ  shown  by  the  three-layer  model,  ' 

?.  Th«  reason  for  the  high  fluctuations  in  reflection  coefficient 
observed  iver  many  of  the  5°  Interval e ic  not  known.  Although  more  oats 
tuid  better  control  will  reduce  this  ^!Je  deviation  it  la  bciJeved  that 
saw  unexplained  me  chan  l am  such  as  f ocuslng  may  be  the  chief  tuae  . 

6.  Tut:  large  number  of  reflection  coefficient*,  at  low  grar-lna  angles, 
with  m value  greeter  t nan  unity  in  believed  to  result  from  &r  unexplaine; 
decresM  in  the  ieval  of  the  1 ' root  rflgna  at  a certain  critical  romm 
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Refractiuc  effeetfl  lo  not-  appear  to  w the  c*u«  of  uai«  degradniiae 
in  the  direct  signal.  interference  oetvsen  the  direct  signal  and  the 
refraction-path  rifrj&l that  is,  the  signwi  which  travel*  along  the 
vater-ei.it  or  sllt-'ia.'sdntoce  interface  it:  suggested  tie  a pocsibio  com. . 

HKOMOIRDAriC  M3 

1.  The  low  frequency  bottut  reflectivity  studies  should,  be  conticusd. 
Only  minor  modification*  in  equipment  and  experimental  procedure  w 
needed. 

2.  An  effort  should  be  »ad«  to  explain  the  abrupt  attenuation  of  the 
direct  signal  Vetch  baa  been  observed  at  certain  critical  ranges. 

3.  An  Investigation  of  the  possible  causes  of  the  unexpectedly  ai&c 
fluctuation  in  reflection'  coefficients  ax  a given  tingle  should  be  wane. 
*».  A better  explanation  of  the  experimental  results  by  a more  thorough 
examination  of  the  three-layer  model  nneuld  be  sought. 

5.  Teste  over  bottoms  with  a different  and  less  c explicated  bettiv. 
structure  ie  considered  of  major  importance . 

6,  The  use  of  other  frequencies  (10  kc  and  3 kc)  and  explosive 
sources  to  give  broad  band  coverage  a ad  to  aid  in  resolving  the  vxii  ou« 
signal  path*  ia  recommended . 
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